INTRODUCTION
Earthquake catalogues provide us basic earthquake information such as the time of earthquake occurrence, their hypocenter locations (latitude, longitude and depth), and magnitudes. The catalogues are often complemented by additional information like damage or other effects. Earthquake catalogues are important in the studies of seismotectonics, seismicity, earthquake physics and hazard analysis (Woessner and Wiemer, 2005) . The earlier instrumental records (before 1960) usually had low resolution in time and amplitude, which were manually analyzed. The present instruments and their records are different; the high-resolution digital records are analyzed either interactively or fully automated with the help of an expert.
To understand the seismic activity, seismotectonics and seismic hazard of a region, a complete and magnitudehomogenized catalogue of independent earthquakes is required. The catalogue should contain historical, as well as instrumentally recorded data of earthquakes. Such a catalogue provides us the most direct information of the seismic activity of the region considered.
In Nepal, earthquake catalogues have been prepared specifically for previous studies on seismic hazard assessment by various institutions and researchers (e. g., GSHAP, NBC-105, Pandey et al., 2002; Thapa and Wang, 2013. Ojha et al. (2013) published a catalogue for Nepal for the period between 1255 AD and 2012 AD. These works have compiled data which were available by the time of their completion and do not agree with each other in terms of time of coverage. This work has been undertaken to develop a composite and comprehensive catalogue of independent earthquakes collecting primary earthquake catalogues from various sources and literatures published till 2017.
METHODOLOGY

Data collection
Primary earthquake catalogues are fundamental inputs in the development of a comprehensive catalogue. Lave et al., 2005; Szeliga et al., 2010) . Data of historical earthquakes is available for strong earthquakes only which reportedly caused considerable destruction in the past. The location and magnitude of historical earthquakes were calculated using empirical relations and macroseismic data of earthquakes (e. g. destruction pattern, liquefaction pattern, and result of paleoseismic investigations). The location and magnitude of historical earthquakes are typically estimated from the intensity of ground shaking and its geographical distribution. Therefore, the location and magnitude of historical earthquakes, typically, might have large uncertainties in comparison to those of instrumentally recorded earthquakes.
The collected primary catalogues were merged into a composite catalogue. The composite catalogue was checked for duplicate events and such duplicate events were removed from the catalogue. The total number of earthquakes in the composite catalogue is 5451 for the magnitude range between 1.2 and 8.2.
Magnitude conversion
The composite earthquake catalogue contains earthquakes collected from different sources ( Table 1, Fig. 1 ), which have reported different types of magnitudes (e. g., moment magnitude (Mw), body wave magnitude (Mb), surface wave magnitude (Ms) and local magnitude (Ml)). Moment magnitude is generally considered the best overall estimate of an earthquake size and does not saturate even at large earthquakes (Kanamori, 1977; Hanks and Kanamori, 1979) , therefore it is preferred in the study of seismic activity, seismotectonics and seismic hazard.
In order to develop a comprehensive catalog of consistent magnitude, the other type of magnitudes (Mb, Ms and Ml) were converted into moment magnitude (Mw) using the empirical relations (Equation (1), Equation (2) temporal window with reference to the mainshock to identify and remove the dependent events. The seismicity after declustering is presented in Fig. 5 . The magnitude of completeness in the declustered catalogue is Mw 4 (Fig. 6 ).
Completeness Test
The developed catalogue contains earthquakes of a range of magnitudes, which are not available for the entire span of time (1100 AD to 2017 AD). Large events are reported for longer time but the small earthquakes are reported for short time (Fig. 8 ).
To assess completeness of different magnitude classes, we followed the Stepp (1972) technique. The technique divides an earthquake catalogue into (T) time intervals and the magnitude range into (n) magnitude classes. This test relies on the statistical property of the Poisson distribution that highlights time intervals during which the recorded earthquake occurrence rate does not change. The test evaluates the stability of the mean rate of occurrences (l) of events which fall in a predefined magnitude range in a series of time windows (T). If the rate of occurrence l is constant, then the standard deviation of the rate (s) varies as 1/(T) 0.5 and l is not stable if s deviates from the straight line of the 1/(T) 0.5 slope. The length of the time interval for which the standard deviation does not vary from the straight line is the time interval of completeness for that particular magnitude class. The complete time interval of each magnitude class is visually determined from the plots. 
Declustering
An earthquake catalogue may contain fore-shocks and aftershocks in addition to mainshocks. A large size earthquake is generally followed by a large number of aftershocks and sometimes it is preceded by foreshocks. The foreshocks and aftershocks are dependent events to the mainshock (Fig. 4) . In the study of seismotectonics, seismic activity and probabilistic seismic hazard assessment, a catalogue of independent earthquakes is required which follow the Poisson distribution (e. g., Gardner and Knopoff, 1974; Shearar and Stark, 2011; Abrahamson, 2006) .
We used "Cluster 2000" code (USGS) to identify and remove dependent events in the catalogue following Gardner and Knopoff (1974) method. The code is freely available on website of the USGS (#CLUSTER). The code uses spatio- In order to determine the completeness levels for different magnitude classes, the catalogue was split into 8 time windows of 100-year length between 1100 (first data entry in the catalogue) before 1900 AD and 11 time windows of 10-year length after 1900 AD (Fig. 9) . A summary of magnitude classes and their respective complete time intervals (T) are presented in Fig. 10 .
Gutenberg-Richter relation
The Gutenberg-Richter relation is an empirical relation between the magnitude (m) of earthquake and number (N) of earthquakes with magnitude larger than 'm'. It is a remarkable feature of worldwide seismicity (Warner and Laura, 2003) , which is used to describe seismic activity (Takeo and Shimazaki, whereas the b value gives relative number of large and small earthquakes. When the b value increases, the number of large earthquakes decreases compared to the number of smaller magnitudes and vice versa. For active tectonic regions b value is about 1 and for volcanic regions it is up to 2 or higher. The a and b value are fundamental seismic parameters required in probabilistic seismic hazard analysis. The b value is estimated using least square method or the maximum likelihood method.
2008). Ishimoto and Iida (1939) and Gutenberg and Richter (1944) proposed the relation in the following form. The common technique to estimate b value is the least squares fit, which can lead to biased result and apparent errors may be much smaller than the real ones. The maximum likelihood method of Aki (1965) is the most accurate method to calculate 'b' value, but it requires large data sets. Monte Carlo simulations and equations from Aki (1965) indicate that a minimum of 2000 earthquakes are required to calculate 'b' to within 0.05 at 98% confidence.
In the Nepal Himalaya, the earthquakes in the south of the 3500 m elevation contour line, in majority, are overwhelmingly found to have thrust mechanism, whereas those in the north and above 3500 m contour line, in majority, have normal fault mechanism (e. g., Rajaure et al., 2013) . Earthquakes in south Tibet, close to the Nepal-China border in north-east show strike-slip mechanisms (e. g., Rajaure et al., 2013) . To estimate the a and b value the prepared catalogue was divided into two sub-regions (Himalaya and South Tibet) following the mechanism of deformation in the region. The recurrence parameters were estimated using the least square and maximum likelihood method (Table 2 A completeness test of the catalogue was performed for South Tibet and the Himalaya separately as they represent two types of stress regimes, i. e. extensive and compressive, respectively (e. g. Rajaure et al., 2013) . The catalogue is complete for large earthquakes (Mw>8.0) for the entire span of time (since 1100 AD) but is underreported for small magnitude earthquakes. The completeness of small earthquakes improved in the late 20th century, following the advent, continuous development and expansion of instrumental networks. The completeness test of the catalogue revealed that Mw 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5 and larger than Mw 8 are complete for 15, 35, 55, 75, 100, 200 , 300, 400 and 900 years, respectively for the Himalaya and Mw 4, 4.5, 5, 5.5, 6, 6.5, 7 are complete for 15, 35, 55, 75, 100, 200 , 300 years in their order for South Tibet.
Earthquake recurrence parameters are estimated in south Tibet and Himalaya separately; our analysis shows that strong earthquakes are more common in the Himalaya than in South Tibet.
The result of this work is expected to be useful in the study of seismotectonics, earthquake activity and seismic hazard assessments.
